Living in the 21st century and having huge potentials of renewable energy resources, people in this part of the world are still deprived of the basic needs of life, among those clean sources of energy is one. Renewable systems have direct local environment benefits in terms of substituting for existing diesel-based power generation. The efficiency of a turbine is highly influenced by its runner. The focus of the study is to design and optimize the Kaplan turbine runner. First, a theoretical design was performed for determining the main characteristics where it showed an efficiency of 4%. theoretical equations are generalized and simplified and also, they assumed constants of experienced data and hence a theoretical design will only be approximate. This was confirmed as the same theoretical design showed only 57% of efficiency when CFD simulation was run on the model. Then, the theoretically proposed design was further analyzed, inlet/outlet tangential velocities of the blades were analyzed and corrected with CFD Fluent to improve the efficiency of power generation. The original design could be improved to achieve an efficiency of 86%. In the end, a more suitable and appropriate method was suggested to optimize the design.
INTRODUCTION
There is a strong requirement to change fossil fuels into renewable energy in recent years because of the exhausting energy resources and terrible environmental pollution. Reservoirs of conventional energy resources are decreasing rapidly with every passing day. This present energetic situation leads the research for renewable energy sources. Renewable energy resources can be used as alternatives to conventional energy resources [1] . Renewable energy resources are most cheap and pollution-free sources of energy. The extraction of penitential and kinetic energy from water flow is particularly interesting, called hydropower. Hydropower is one of the most popular, oldest, largest, cheap, reliable and efficient energy sources among other Renewable Energy Resources.
Hydropower Plants can be found all over the world rather than Wind or Solar Power Plants. Also, Hydropower systems can achieve efficiency by up to 95%. [2] Hydro Turbines can be divided into three major types (Kaplan, Francis & Pelton Turbines) and the selection of right and suitable turbine to install in a Hydropower system depends on the head (H) and a coefficient related to specific speed (σ). [3] Head (H) is the difference between the Headrace water level and the Tailrace water level. Coefficient (σ) mainly depends on the turbine's rotational speed (N), Discharge rate (Q ). 
A. Diameter & Rotational Speed
The rotational speed can be obtained by using the below equation; 3 
Theoretically, blades profile can be obtained using velocity triangles at the leading and trailing edges and also in the middle of the blade. In This case, each edge is divided into 5 different diameters ( a 1 2 3 N). Each blade section at different radii will have different velocities, angles and chord shapes as shown in figure 1. 
III. CAD DESIGN AND ANALYSIS
A. CAD Model Using information available in the above table, it's easy to construct the blade profile. Three spline curves were generated in SolidWorks, then combine these curves with a surface. Thus, it creates a profile of a turbine blade. The CAD model is shown in figure 2 .
B. Fluent Analysis
To perform CFD analysis commercial ANSYS Fluent software was used. For the meshing tetrahedral meshing approach was used because for this kind of problem [5] , the tetrahedral mesh has proven more suitable as shown in the figure. 3. Figures 4 and 5 , the efficiency of this model came out to be 57%, which far less than the theoretical value. This can be improved by changing the inlet Velocity, a number of blades or the shape of the blade. [7] C. Inlet Velocity First, we try to change the inlet velocity, run CFD analysis using the same conditions used and observe the behavior. Results are given below in Table II and From the graph, it can be seen that increasing the velocity reduced efficiency, which means increasing the inlet velocity is suitable.
D. Number of Blades
Another way to improve efficiency is to increase the number of blades. The results can be seen in the following observations in Table III and After analyzing the results, it can be seen that increasing the number of blades can increase efficiency but for this type of turbine best efficiency should be achieved using 4 number of blades. [8] 
E. Blade Edge Angles
To change the shape of the blade best option is to change the β1 and β2. This will change the behavior of fluid over the blade and will increase the drag and lift coefficient, resulting in increased efficiency.
Each blade edge is divided into 5 parts, and there are 2 edges (inlet & Outlet Edge), so there are millions of possible combinations of angles to construct models. This method is long and time-consuming. Based on intentions, different angle combinations were used to construct different design models and run CFD simulations using ANSYS Fluent using the same conditions used and try to find the maximum efficiency. The results are given below in Table IV . Theoretically, our model should have 94% but our initial analysis shows the 57% efficiency. This can happen for numerous reasons. Then we try to maximize the efficiency by hanging variables depending on our intuition and achieve almost 84%. This approach is not much accurate and also needs a lot of computational time because of there a million combinations of our changing variables. The more accurate technique can be applied like Surrogate-based model optimization, which can give more accurate and better results with less computational time. The next paper will be focused on using this dimension reduction and surrogate model-based optimizations to get more accurate results.
